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INTRODUCTION 
INTRODUCTION 
Cotton bollworm 1 legume pod borer, Helicoverpa (Heliothis) armigera 
(Hubner), is one of the most destructive pest of field crops. It is widely 
distributed from the Cape Verde Islands in the Atlantic Ocean, through Africa, 
Asia, and Australia to the South Pacific islands, and from southern Europe to 
New Zealand (Reed and Pawar, 1982). It is a polyphagous pest and has been 
recorded feeding on 181 cultivated and uncultivated plant species belonging 
to 45 families (40 dicots and 5 monocots) (Manjunath et al.. 1989). However. 
most serious losses have been recorded in crops such as pigeonpea, 
chickpea, tomato, cotton, sorghum, pearl millet, peas, and groundnut. 
The productivity of pigeonpea (Singh et a/., 1990) and chickpea (Reed et 
al., 1987) crops is drastically affected by H. armigera, which causes 
substantial damage and yield losses every year. Annual losses due to H. 
armigera in chickpea and pigeonpea have been estimated to exceed US S 
600 million (ICRISAT, 1992). In pigeonpea alone, it is estimated to cause yield 
losses equivalent to US $ 317 million annually (Shanower et al., 1999). 
Chemical control is one of the effective methods of reducing H. armigera 
damage, but total reliance on insecticides has not been helpful in managing 
this pest effectively. There are several reports of this pest developing 
resistance to commonly used insecticides, and failure of insecticides to control 
the pest under field conditions (Manjunath et a/., 1989). The indiscriminate 
use of pesticides has also led to adverse effects on the beneficial organisms, 
emergence of secondary pest problems, and contamination of food and food 
products with insecticide residues. 
This situation has led the scientists to develop alternative pest control 
strategies, which are devoid of these undesirable effects. One of the 
alternative approaches for Helicoverpa control is the development of plants 
resistant to insect attack. Such plants can be developed by insertion and 
expression of insect resistance genes into crop plants through genetic 
engineering. Genetic engineering of crop plants for insect resistance has 
many advantages; which include decreased chemical usage, environment- 
friendly nature, season-long protection independent of weather conditions, 
effective control of burrowing insects difficult to reach with insecticidal sprays, 
and control at all stages of insect development. . 
Different approaches to obtain insect-resistant plants are presently being 
explored, such as the use of 6- endotoxins coding sequences originating from 
the bacterium, Bacillus thuringiensis (L.), and plant-derived genes such as 
those encoding enzyme inhibitors or lectins. The greatest research effort in 
de\leloping pest-resistant transgenic crops has gone into expression of 
Bacillus thuringiensis (Bt) toxins in plants. Their use in cotton against 
bollworm (Heliothis virescens F.) (Perlak et a/., 1990), tobacco budworm 
(Helicoverpa zea Boddie) (Hoffmann et al., 1992) and pink bollworm 
(Pectinophora gossypiella Saunders) (Wilson et al., 1992) and in corn against 
the European corn borer (Ostrinia nubilalis Hubner) (Armstrong et a/., 1995), 
has lead to a considerable reduction in insecticide use (James, 1997). The 
first transgenic tobacco and tomato plants expressing the Bt toxins at levels 
insecticidal to lepidopteran insects were obtained in 1987 (Barton et a/., 1987; 
Fischhoff et a/., 1987; Vaeck et a/., 1987). Bt genes have now been 
introduced into and expressed in a wide range of crop species, including 
tobacco (Barton et ol., 1987, Vacck ot a/. ,  1987, Perlak et a/., 1991, Williams 
et a/., 1993, Strizhov et a/., 1996); tomato (Fischoff et a/., 1987); cotton 
(Perlak et a/., 1990); rice (Fujimoto et a/., 1993, Wunn et a/., 1996); potato 
(Peferoen, 1992, Perlak et a/., 1993); maize (Koziel et a/., 1993); soybean 
(Stewart et a/., 1996a); canola (Stewart et a/., 1996b); poplar (McCown et al., 
1991, Cornu et a/., 1996) and alfalfa (Strizhov et a/., 1996). 
Another strategy that is similar to using Bt derived toxins, is the utilization 
of plant-derived inhibitors of proteins. Protease inhibitor proteins are among 
the defensive chemicals in plant tissues that are produced in response to 
insect attack. Wound-inducible proteinase inhibitors have been clearly shown 
to be involved in plant defense (Ryan, 1990). This involvement of proteinase 
inhibitors in natural defense by plants has lead towards enhancing plant 
defense through genetic engineering. Genes encoding members of various 
serine protease inhibitors (SPls) have been cloned and introduced into 
transgenic plants. The first report on the use of a plant-derived insect control 
protein gene in transgenic plants came with the expression (from the 
CaMV35S gene promoter) of a gene for cowpea trypsin inhibitor in tobacco 
(Hilder et a/., 1987). These transformed tobacco plants have resulted in 
resistance to feeding by the tobacco budworm, H. virescens. Similar results 
were shown in a field trail in the USA against corn earworm (H. zea) 
(Hoffmann et a/., 1992). Transgenic tobacco has also been shown to enhance 
protection against Spodoptera litura (Fab.) (Yeh et a/., 1997) and Manduca 
sexta L. (Johnson et a/.,  1989). 
Another group of compounds, which can be exploited to impart resistance 
to insects in crop plants, is plant lectins. Lectins are unique proteins with a 
highly specific carbohydrate (glyco-conjugates) binding activity. They have 
been isolated from various plant tissues, with seeds being the richest source 
(Etzler, 1986). They play an important role in the plant's defence against 
insect pests and have been found to be toxic to viruses, bacteria, fungi, 
insects and higher animals. Lectins from snowdrop, pea, wheat, rice, castor, 
soybean, mungbean, garlic, sweet potato, tobacco, chickpea and groundnut 
have been isolated and characterized. Their effect on the survival and 
development of insect pests belonging to different insect orders has been 
studied by several workers in the past (Shukle and Murdock, 1983; Czapla 
and Lang, 1990; Habibi et a/.,  1993; Powell et a / . ,  1993; Galehouse et a/., 
1995; Powell et a/.,  1995). 
In the present studies, we ,evaluated Bt, SBTl and plant lect~ns for their 
biological efficacy against the legume pod borer Helicoverpa amigera. 
Following were the specific objectives of the present investigation: 
1. To evaluate antifeedant activity of Bt and soybean trypsin inhibitor (SBTI) 
genes against H. armigera under dual-choice and no-choice conditions. 
2. To evaluate the effect of SBTl and plant lectins on the survival and 
development of H. armigera. 
3. To evaluate the effect of Bt and SBTl genes on consumption and utilization 
of food by H. armigera. 
4. To evaluate the effect of Bt and SBTl transformed plants on the biology of 
H. armigera. 
E E W  
REVIEW OF LITERATURE 
Helicoverpa armigera (Hubner) is a pest of worldwide agricultural importance. 
It feeds on a wide range of wild and cultivated host plants. The larvae, 
particularly the later instars, feed upon the reproductive parts of the plant. In 
India, it is a dominant pest on cotton, pigeonpea, and chickpea. On  pigeonpea 
and chickpea, it commonly destroys more than half of the grain yield. 
The biological characteristics such as high fecundity, extensive 
polyphagy, strong flying ability, and a facultative diapause contribute to the 
devastating pest status of H. armigera (Fitt, 1982). The ability to feed on 
various plants enables H. armigera populations io  develop continuously 
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during the entire cropping season (Bhatnagar et a/., 1282). 
Biology 
The legume pod borer females lay eggs singly, on the upper surface of the 
leaves along the midrib, flowers, pods and stems. The number of eggs per 
female ranges from 387 to 1364 on different host plants7Dhandapani and 
Subramaniam, 1980). The eggs are white and neariy spherical when freshly 
laid, and darken with age. Eggs hatch in 2 to 5 days. Larval duration varies 
from 8 to 28 days4(singh and Singh, 1975), and there are 5 to 7 larval instars, 
which vary with temperature and the host plant. Pupation takes place in the 
soil, and the adults emerge in 7 to 10 days. One geceration can be completed 
in just over 4 weeks under favorable condiricns. There are several 
generations in a year. The number of generations vary according to agro- 
climatic conditions. It passes through four genera!~cr?s in Punjab (Sinsh and 
Singh 1975), seven to eight generation in Andhra ~ r a d e s h - i ~ h a t n a ~ a r ,  1980). 
and five generations in Uttar ~ r a d e s h ' ( ~ r i ~ a t h i .  1985). 
* Nature of Damage 
The young larvae of H. armigera feed by scraping green tissues and wanders 
about nibbling various parts of the plant until it finds a flowerbud or flower, a 
bud will be hollowed out, leaving an empty shell. In pigeonpea and chickpea, 
the older larvae chew voraciously into buds, flowers, and pods, leaving 
characteristic round holes. In cotton, older larvae feed on buds and young 
bolls and habitually feed with only the front portion of its body inside the hole it 
has made. Cotton buds and bolls that have been attacked by Helicovepa 
thus commonly show an accumulation of larval faeces between the su&ce 
and the enclosing bracteoles. 
.Crop losses . 
The estimated losses due to H. armigera vary in different countries viz., US S 
600 million in chickpea and pigeonpea per annum in semi-arid trop:cs 
-(ICRISAT, 1992); A$16 million in 1979 ~ l c o c k  and Twine, 1981), AS23.5 
million Wi lson,  1982), and A$25 mllion annually in ~us t ra i i aT~w ine ,  1989). In 
India, crop losses in the pulses, chickpea and pigeonpea were estimated at 
over $ 300 million per annum p e e d  and Pawar, 1982). In recent years, :he 
chemical resistance problem has increased, resulting in estimated crop losses 
due to this pest in India in 1996-1997 reaching 158 mlilion US $ (Russell. 
Plant genetic engineering 
Recent advances in tissue culture and molecular biology have made it 
possible to introduce foreign genes into crop plants from diverse sources and 
produce transgenic plants with new genetic properties. Genetic rnanipula2on 
number of Bt based products are available for the control of agricultural pests. 
The worldwide insecticidal sales are estimated to be in range of $6 billion, and 
the total sales of Bt are estimated to be in the range of $100 million (Lamberl 
and Peferoen, 1992). 
The earliest commercial production of Bt began in France in 1938, 
under the trade name Sporeine. During the 1960s, several formulations of Bt 
were manufactured in the United States, Soviet Union, France, and Germany; 
with various degrees of commercial success. A major step forward in the 
commercial success of Bt was the isolation of HD-1, a strain which proved to 
be highly potent and which still forms the basis of some today's commercial 
insecticides. Initially, it was believed that Bt was active only against 
Lepidoptera. In 1977, Goldberg and Margalit isolated a B. thuringiensis 
subsp.israe/ensis, from a mosquito-breeding pond. This subspecies is highly 
toxic to mosquito and blackfly larvae. In 1983, Krieg and coworkers isolated B. 
thuringiensis subsp., tenebrionis, from dead mealworm pupae, which is highly 
effective against elm leaf beetle (Agelastica alni) and Colorado potato beetle 
(Leptinotarsa decemlineata Say) larvae. These finding lead to the conclusion 
that Bt can be used against other economically important insects. 
Bt formulations have been used in the field for the past 40 years. 
Despite many advantages, the use of Bt-based insecticides is constrained 
due to the high cost of production and poor persistence under field conditions. 
Therefore, it was felt that expression of the toxin genes in transgenic plants 
might increase their utility in insect control. The approach involving the 
transfer and expression of B. thuringiensis toxin-encoding genes into plants 
has attracted much attention The ICP (insecticidal crystal protein) genes can 
be transferred by using various transformation systems (e.g, theTi-plasmid- 
mediated plant transformation system from Agrobacteriurn turnefaciens). Pest 
resistance lines have been developed in cotton, poplar (Populus spp.), potato, 
rice and maize through the introduction of genes encoding the insecticidal 
4.. 
proteins of B. thuringiensis. 
!I 
The toxin genes were earlier classified into four types, based on protein 
structural homologies and host range (Hoftey and Whiteley, 1989). Cry I 
genes, active against lepidoptera encode proteins of 130 kDa; Cry II genes, 
active against lepidopteran and dipteran larvae, encode proteins of 70 kDa, 
and Cry Ill genes active against coleopteran larvae, encode proteins of 70 
kDa. Cry IV genes are specific to the dipteran larvae. The system was further 
extended to include type V genes that encode for proteins effective against 
lepidopteran and coleopteran larvae (Tailor eta / . ,  1992). 
Mechan ism o f  A c t i o n  
The target organ for Bt toxins is the insect midgut. In general terms, upon 
ingestion, crystal proteins are dissolved from the crystals and are 
proteolytically activated to a trypsin resistant core fragment. This protein 
passes through the pores in the peritrophic membrane and binds to a 
membrane protein in the brush border of the midgut epithelial cells and inserts 
into the membrane. This insertion leads to the formation of pores and lysis of 
the cells. 
When Bt crystals are ingested by insects, the crystal proteins are 
dissolved from the crystal. The pH in the gut of lepidopteran larvae varies 
between 9 and 12 and lepidopteran-specific crystal bodies can only be 
solubilized above pH 9.5 (Knowles and Dow, 1993). On getting solubilised in 
midgut, the crystalline bodies release the proteins called 6-endotoxins. The 
toxin portion is derived from the N-terminal half of the protoxin, while the C- 
terminal portion is involved in the formation of parasporal inclusion bodies and 
is usually hydrolysed into small peptides (Choma et a/., 1990). The activated 
toxin can be divided into three structural regions : a N-terminal region, the 
toxic domain (amino acids 1-279), consisting of several conserved 
hydrophobic regions, a conserved C-terminal region (amino acids 461-695), 
and a variable region (amino acids 280-460) (Aronson et a/., 1986; Choma 
and Kaplan, 1990; Hofte and Whitley, 1989). The N-terminal region has a 
significant role in penetrating the peritrophic membrane, while the C-terminal 
region and the highly variable region are considered important in toxin 
specificity by coding for open P-sheets that bind to glycoprotein receptors in 
the midgut (Choma and Kaplan, 1990; Convents et a/., 1990). The protoxins 
are activated by gut proteases, which typically cleave some 500 amino acids 
from the C terminus of 130 kDa protoxins and 28 amino acids from the N 
terminus, leaving a 65 to 55 kDa protease-resistant active core comp$rising 
the N-terminal half of the protoxin (Hoftey and Whitley, 1989). 
Brush border membrane veicles (BBMV) have been identified as the 
primary binding site for several insect species (Lee et a/ . ,  1992). The active 
toxins bind to the specific receptors located on the apical brush border 
membrane of the columnar cells. There may be many toxin binding protein 
receptors, and so'me have been identified as 12 to 180 kDa glycoproteins 
(Garczynski et a/.,  1991; Knowles et a/., 1991; Oddou et a/., 1991). After 
binding to the receptor, the toxin inserts irreversibly into the plasma 
membrane of the cell leading to lesion formation. There is a positive 
correlation between toxin activity and ability to bind BBMV (Gill et a/., 1992), 
and the toxicity is correlated with receptor number than receptor affinity (Van 
Rie et a/., 1989). 
After binding to the midgut epithelial cells, the a-hel ices can penetrate 
the apical membrane to form an ion channel (Knowles and Dow, 1993). The 
formation of toxin induced pores in the columnar cell apical membrane allows 
+ 
rapid fluxes of ions. The pores are K selective (Sacchi et a/., 1986), 
permeable to cations (Wolfersberger, 1989), permeable to anions (Hendrickx 
et at., 1989), or permeable to solutes such as sucrose, irrespective of the 
charge (Schwartz et a/., 1991). Carroll and Ellar (1993) observed that midgut 
permeability in the presence of Cry 1A(c) was altered for cations, anions, 
neutral solutes and water. Knowles and Dow (1993) suggested that 61 toxins 
+ 
lead to cessation of K pump that leads to swelling of columnar cells and 
osmotic lysis. The disruption of gut integrity leads to death of the insect 
through starvation or septicema. 
Bt - Transgenic Crop Plants 
The first results concerning the transfer of B. thuringiensis genes in tobacco 
and tomato were published in 1987. A Beligan biotechnology company, Plant 
Genetic System, reported the first successful use of the technology in 1987 
(Vaeck et a/., 1987). They developed tobacco plants using genes from 8. 
thuringiensis. These plants produced endotoxins, which killed the first instars 
of Manduca sexta larvae. Insects placed on the leaves of the plants displayed 
the same response as insects placed on leaves sprayed with commercial 6.  
thuringiensis products feeding suppression after 18 hours, and death within 3 
days. Levels of the endotoxin as low as 30 mg per gram of leaf protein 
provided complete protection against M. sexta neonates, and the production 
of endotoxin was shown to be inherited a simple dominant character. Since 
then, B. thuringiensis genes have been transferred to a number of other crop 
species such as cotton, rice, and maize with Lepidopterans as the main 
targets. 
Adamczyk et a/.  (1998) studied the survival and development of fall 
armyworm, Spodoptera frugiperda J.E. Smith, on leaves and bolls of the 
normal and the CrylA(c) transformed cotton plants and observed that their 
was no significant difference in larval survival and the number of larvae that 
pupated and eclosed as adults. Hoffmann et a/. (1992) evaluated the efficacy 
of transgenic tobacco plants contaning genes encoding B. thuringiensis 6-  
endotoxin or cowpea trypsin inhibitor against H. zea under field conditions and 
reported that the mortality of the larvae was high and the leaf damage was 
low for the genotypes contaning Bt gene as compared to control and CpTl 
genotype. Transgenic tobacco contaning 8. thuringiensis (Bt) and cowpea 
trypsin inhibitor (CpTl) genes showed insecticidal activity towards H. armigera 
(Zhao et a/., 1997). Mortality of the larvae was low on transgenic tobacco 
expressing Bt alone than the plants expressing both Bt and CpTI. It was 
concluded that gene pyramiding could be a valuable strategy for resistance 
management and the sustainable use of Bt transgenic crops. Santos et al. 
(1997) transformed Landsberg erecta plants with either Bt CrylA (c) gene, or 
CpTl gene or for both genes and tested them against S. exigua, H. zea, 
Pseudoplusia includens and H, virescens. Both genes reduced growth of the 
species tested, but CrylA (c) was more effective in controlling caterpillar 
growth than the cowpea trypsin inhibitor gene. The resistance of plants with 
both transgenes was lower than that of plants expressing the CrylA (c) gene 
alone, but higher than that of plants expressing only the CpTl gene. 
Transgenic tobacco plants containing Bt or CpTl or both of the genes proved 
toxic to larvae of H. armigera. Plants with both transgenes had enhanced 
resistance compared to those with single transgenes (Zhao et a/., 1996). 
Bacillus thuringiensis Cry lA (c) protein expressed in transgenic cotton has 
biological activity specific for Lepidoptera and risks to beneficial non- 
Lepidoptera insect species are negligible (Sims, 1995). 
Benedict et 81. (1996) studied the field performance of transgenic 
cotton plants (BTK lines) for resistance to H. virescens and H. zea and 
reported that in BTK lines, the mean percent injury was 2.3 of the flower buds 
and 1.1 of the capsels, whereas in Coker 312 the mean percentage injury was 
23 of the flower buds and 12 of the capsels. Average yield of Coker 312 was 
1050 kg ha" and that of BTK was 1460 kg ha". Tobacco and tomato plants 
expressing Cry 1A(b) and Cry 1A(c) genes have also been developed (Van 
der Salm et a/., 1994) to control lepidopteran insects. The expression of Cry 
1A(b)-Cry lA(c )  genes provided protection asainst S. exigua, M. sexta and H. 
virescens. 
Proteinase inhibitors 
Plants use proteins as a part of their defense strategies. An interesting class 
of defense proteins are the inhibitors of digestive enzymes that occur in many 
plants. The two main classes of inhibitors discovered so far are the protease 
inhibitors and the amylase inhibitors. Among them, protease inhibitors play an 
important role in defense of plants against herbivorous insects. They act as 
competitive inhibitors of enzymes by binding tightly to the active site of the 
enzyme. The antimetabolic activity of the protease inhibitors is due to direct 
inhibition of larval proteolysis and utilization of proteins leading to the death of 
the larvae by slow starvation. 
Proteinase inhibitors are widely distributed in the plant kingdom, 
particularly in seeds arid tubers, where they often represent several percent of 
total protein C~iener  and Kakade, 1969; Ryan. 1973; Richardson. 1977). They 
have been most extensively studied in the Leguminosae, Graminae and 
Solanaceae, presumably because of the large number of species in these 
families, which are important food cropsmichardson, 1980). According to 
specificity, proteinase inhibitors can be divided in four classes, inhibiting 
serine, cysteine, metallo- or aspartyl proteases. Several nonhomologous 
families of protease inhibitors are recognized among the animal, 
microorganism, and plant kingdoms fLaskowski et at., 1980). In plants, about 
ten protease-inhibitor families have been recognized '(Garcia et a/., 1987). 
These inhibitor families are specific for each of the four mechanistic classes of 
proteolytic enzymes, i.e. serine, cysteine, aspartic and metallo-proteases. 
Members of the serine and cysteine proteinase inhibitor families have been 
more relevant to the area of plant defense than metallo and aspartyl 
proteinase inhibitors, since only a few of these latter two families of inhibitors 
have been found in plants. 
Serine proteinase inhibitors 
More research has been carried out on members of the serine class of 
proteinases as compared to other proteinase inhibitors. Serine proteinases 
have been identified in extracts from the digestive tracts of insects from many 
/ families, particularly those of the Lepidoptera (Applebaum, 1985; Broadway, 
1989; Houseman, 1989). In Lepidoptera, which includes a number of pests, 
the pH optima of the guts are in the alkaline range 9 to 11, where serine 
proteinase is most active. Additionally, serine proteinase inhibitors have anti- 
nutritional effects againsLseveral lepidopteran insect species (Applebaum, 
1985; Broadway, 1986; Gatehouse, 1983; Hilder, 1987; Johnson, 1989; 
Shukle, 1983). There are about seven families of protein inhibitors present in 
the plants that inhibit serine proteinases. Out of these, soybean trypsin 
inhibitor (SBTI, Kunitz family), and Bowman- Birk proteinase inhibitor are very 
important. 
Soybean trypsin inhibitor 
Soybean trypsin inhibitor was the first plant inhibitor to be well characterized. 
Its isolation and crystallization from soybean and that of its complex with 
trypsin by M. Kunitz is one of the classic achieve men!^ of inhibitor chemis:ry 
(Kunitz, 1947). It has a molecular weight of 20,000 to 25,OGO with relatively 
few disulphide bonds and posses a specificity, which is directed primarily 
towards trypsin. Trypsin (Mw 23,300) is the main intestinal disestive enzyme 
responsible for the hydrolysis of food proteins. It is a serlne protease and 
hydrolyzes peptide bonds in which the carboxyl groups are conirrbuted by the 
lysine and arginine residues. Due to the ability of this inhibitor to inhibit trypsin 
from the insect gut, it has received much attention as a tarset for control of 
insect pests. 
I f ,  
Bowman-Birk proteinase inhibitor 
These inhibitors are readily isolated from the seeds of all leguminous plants. 
Bowman first discovered them in soybean, and thereafter Birk purified and 
characterized them. They have a molecular weight of 6000 to 10,000 with a 
high proportion of cystine residues and are capable of inhibiting trypsin as well 
as chymotrypsin at independent sites. 
- Proteinase inhibitor in insect control 
The idea of using proteinase inhibitors in insect control originated with the 
research of Mickel and Standish (1947). who found that larvae of certain pests 
do not develop norrnally when fed with soybean products. Lipke et a/. (1954) 
found that a protein fraction from soybeans inhibited growth, as well as 
proteolytic activity in vitro, of the mealworm, Tribolium confusum Viggiani. Birk 
and Applebaum (1960) studied the effects of various proteinase inhibitors in 
soybean meal on both the development of Tribolium castaneum Herbst larvae 
and the proteolytic-enzyme activity in their midgut homogenates and found 
that only two fractions possessed inhibitory activity against the midgut enzyme 
of T. castaneum larvae. Birk et a/ .  (1963) isolated a Tribolium proteinase 
inhibitor from other proteinase inhibitors and showed that the inhibitor could 
completely inhibit the midgut proteolytic activity of both T. castaneum and T. 
confusum. An inhibitor of Tribolium proteinase was also found in wheat 
(Applebaum and Konijn, 1966). It was inactive towards bovine trypsin and 
chymotrypsin. 
The protective role for these proteins was proposed in 1972 when 
Ryan and co-workers discovered that damage to the leaves of certain 
solanaceous plants, either by insect feeding or mechanical wounding, induced 
the synthesis of protease inhibitorsT6reen et a/., 1972). Production of these 
inhibitors was shown to be a result of a wound hormone, proteinase inhibitor- 
inducing factor (PIIF) that is released from the damaged leaves and 
translocated throughout the plants, where it initiates the synthesis and 
accumulation of inhibitors (Shumway et a/., 1976; Walker et a/., 1977; Brown 
et a/., 1 985). 
The protective role for protease inhibitors in the field resistance was 
demonstrated in 1979, when it was found that the levels of protease inhibitors 
(CpTI) present in seeds of a resistant line of cowpea, N u  2027, was 
correlated with resistance to a major insect pest, Callosobruchus maculatus F. 
The resistant variety contained about twice the levels of inhibitors as 
compared to any other variety (Gatehouse et a/.,  1979). A proteinase inhibitor 
active against tyrpsin and chymotrypsin was isolated by affinity 
chromatography. The antimetabolic effect of the inhibitor was confirmed in 
insect feeding trials with C, maculatus larvae. When the inhibitor was fed at 
0.8% of the diet, none of the larvae survived, whereas at O.lOh, over 80% of 
the larvae survived and pupated. Various bioassays have been conducted 
using the proteinase inhibitors in artificial diets and their effects on the insect 
growth and development has been studied. 
'Steffens et a/. (1978) reported that when soybean trypsin inhibitor 
(Kunitz) and a weak inhibitor of trypsin from corn were fed to larvae of 
European corn borer larvae at 2 to 5% of diets, SBTl inhibited growth of the 
larvae and delayed pupation, whereas the corn inhibitors had no effect on 
growth or metamorphosis of the larvae. Soybean trypsin inhibitor (Kunitz 
inhibitor) retarted larval growth of M.soxta, when added into an artificial diet at 
/ 
the 5% level@hukle e l  a/., 1983). Broadway and Duffey (1986) tested the 
effect of purified SBTl and potato Inhibitor II (an inhibitor of both trypsin and 
chymotrypsin) on the growth and digestive physiology of larvae of H. zea and 
S. exigua. These proteins at levels of about 10% in the diet (1.2% caesin), 
inhibited growth of the larvae. 
Soybean Kunitz trypsin inhibitor (SBTI) and Soybean Bowman-Birk 
trypsin-chyrnotrypsin inhibitor (SBBI) in artificial diet reduced total larval 
biomass and rneari larval weights of t-f. or~nigora. These effects wcro much 
/ greater with dietary SBTl than with SBBI (Johnston et a/., 1993). Soybean 
trypsin inhibitor significantly affected the growth and digestive physiology of H. 
armigera. When incorporated into an artificial diet 0.84% (dry weight), SBTl 
significantly reduced the high alkaline trypsin-like enzyme activity by18% 
(Wang eta/ . ,  1996). Soybean (Kunitz) trypsin inhibitor reduced the growth rate 
of the larvae of S. litura when incorporated into artificial diet at 0.2 O/O (wlv) and 
0.5 % (wlv). The slowest growth rate and the lower weights were observed for 
larvae fed with 0.5 % SBTl concentrarion (McManus et a/., 1995). Soybean 
trypsin inhibitor (STI) in artificial diet at 0.84 to 4.2 94 (dry weight) affected the 
growth and in vivo midgut proteinase activity of H. armigera. The retarding 
effect of ST1 on the growth of the larvae was significant, but not proportional to 
the dosage of ST1 (Wang et a/ . ,  1995). Protease inhibitors in artificial diets at 
0.33 and 0.660h affected the growth rate of codling moth larvae, Cydia 
pornonella (L.). Potato proteinase inhibitor I was most effective in reducing 
J growth rate, followed by soybean trypsin inhibitor (Markwick et a/., 1995). 
The first successful example of genetic engineering of plants for insect 
resistance using genes f plant origin was achieved using a cowpea protease 
inhibitor (CpTI) gene 9 Hilder et a/ . ,  1987). These workers transformed tobacco 
with a gene that encoded a cowpea trypsin inhibitor and reported that CpTl 
transformants, which expressed the foreign protein at nearly 1%. were 
relatively resistant to attack by the tobacco budworm, H. virescens. Over- 
expression of several inhibitors has been shown to afford protect~on in 
transgenic tobacco plants against attack by Lepidopteran lawae. Expression 
of CpTl in tobacco afforded significant protection in the field against H. zea 
J (Hoffmann et a/., 1992). Johnson et a/.  (1 989) transformed tobacco plants with 
genes encoding for the potato and tomato proteinase inhibitor II proteins 
(having chyrnotrypsin and trypsin inhibitor activities) and a tomato inhibitor I 
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protein having only chymotrypsin inhibitor activity. Leaves of plants 
expressing the inhibitor I1 proteins at levels of 50 p g-' tissue retarded the 
growth of larvae of M. sexta and at higher levels of 100 p g-' tissue, the larvae 
grew even less and sorno died. '1 hey concluded that decrease in tlle larval 
growth was roughly proportional to the level of PI-ll being expressed. 
McManus et a/. (1994) transformed tobacco with potato inhibitor II, which 
inhibits chymotrypsin. Larvae of Chrysodeixis eriosma (green lopper) grew 
slowly on leaf tissue from the transgenic plants than from non-transgenic 
plants, whereas no differences were observed in the growth rates of S. litura 
or Ttiysanoplusia orichalcea larvae fed on leaves from transgenic or non- 
transgenic plants. 
Soybean trypsin inhibitor (STI) contaning transgenic tobacco plants 
showed high resistance to the larvae of H, anriigera. (Gao et a/., 1998). Li et 
a/. (1998) obtained transgenic cotton lines contaning Cowpea trypsin inhibitor 
(CpTI) gene and found them to be highly resistant to cotton bollworm. 
Transgenic rice plants contaning Soybean Kunitz trypsin inhibitor (SKTI) 
showed resistance to the brown planthopper (Nilaparvata lugens Stal) 
(Lee et a1.1999). Transgenic poplar plants expressing a Kunitz proteinase 
inhibitor (Kti3) gene did not affect larval mortality, growth and pupal weights of 
Lymantria dispar (L). and costera anastomosis (Confalonieri et al., 1998). 
Proteinase inhibitors from Nicotiana alata in artificial diet significantly reduced 
the growth of the native budworm larvae (H. punctigera Wallengern) and the 
black field cricket nymphs (Teleoyryllus corrilr~odus Walker). When expressed 
in transgenic tobacco, these inhibitors showed significant differences in 
mortality and growth rate of H. punctigera larvae (Heath et a/., 1997). 
Lectins 
Many plant species contain carbohydrate-binding proteins, which are 
commonly referred to as either lectins or agglutinins. Lectins are proteins that 
bind reversibly to specific mon- or oligosaccharidos. The first description of a 
lectin dates back to 1888, when Stillmark published his dissertation about 
Ricin, a toxic ferment obtained from the seeds of Ricinus communis L. and 
some other Euphorbiaceae species (Stillmark, 1888). Stillmark's 'ricin' was a 
complex mixture of toxic ricin molecules and nontoxic agglutinins. His 
pioneering work was a milestone in biology because he was the first to link 
the toxicity of castor beans to the occurrence of a hemagglutinating 
proteinaceous factor. In 1898, Elfstrand introduced for the first time the term 
'Blutkorperchenagglutinin' (hemagglutinin) as a common name for all plant 
proteins that cause clumping of cells (Elfstrand, 1898). The idea that toxicity is 
an intrinsic property of lectins was abandoned in the beginning of the century 
after Landsteiner and Raubitschek (1907) reported the presence of nontoxic 
lectins in the legumes Phaseolus vulgaris L. (bean), Pisum sativum L. (pea), 
Lens culinaris Medik (lentil), and Vicia sativa (Vetch). Following the work of 
Landsteiner and Raubitschek, many more nontoxic plant hemagglutinins were 
discovered. Eventually. it became evident that toxicity is the exception rather 
than the rule. The next milestone in the history of plant lectins was the finding 
that some hemagglutinins exhibit a clear preference towards erythrocytes of a 
particular human blood group within the ABO system (Renkonen, 1948; Boyd 
and Reguera, 1949). This discovery of blood group specificity led to the 
introduction of the novel term 'lectin' (from the Latin verb 'legere', which 
means 'to select'). Summer and Howell (1936) observed that cane sugar 
inhibited the agglutination activity of Concanavalin A (Con A), and later it was 
discovered that the agglutination properties of lectins are based on a specific 
sugar-binding activity (Watkins and Morgan, 1952). 
According to the first proper definition, lectins are carbohydrate-binding 
proteins (or glycoproteins) of nonimmune origin that agglutinate cells andlor 
precipitate glycoconjugates (Goldstein et a/., 1980). Although this definition 
was approved by the Nomenclature Committee of the International Union of 
Biochemistry (Dixon, 1981), it had some shortcomings because it was 
confined to multivalent carbohydrate-binding proteins. According to recent 
definition, plant lectins were defined as all plant proteins possessing atleast 
one non-catalytic domain, which binds reversibly to a specific mono- or 
oligosaccharide (Peumans and Van Damme, 1995). ? 
Lectins are found in many plant tissues and are abundant in the 
storage organs and protective structures of some plants. They have been 
isolated from various plant tissues, with seeds being the richest source 
(Etzler, 1986). This is especially true among plants in the Leguminosae family 
(Strosberg et a/., 1986). 
Based on their overall structure lectins are subdivided as 'merolectins', 
'hololectins', 'chimerolectins', and 'superlectins'. Merolectins are proteins that 
are built exclusively of a single carbohydrate-binding domain. They are 
monovalent and hence cannot precipitate glycoconjugates or agglutinate 
cells. Hevein, the small chitin-binding protein from the latex of the rubber tree 
(Hevea brasiliensis) (Van Parijs et a/., 1991) is a typical merolectin. 
Hololectins also are exclusively bu~lt up of carbohydrate-binding domains, but 
contain atleast two such domains that are either identical or very homologous 
and bind either the same or structurally similar sugars. This group comprises 
all lectins that have multiple binding sites and, hence, are capable of 
agglutinating cells or precipitating glycoconjugates. The majority of all known 
plant lectins are hololectins. Chimerolectins are fusion proteins possessing a 
carbohydrate-binding domain tandemly arrayed with an unrelated domain. 
which has a well-defined catalytic activity (or another biological activity) that 
acts independently of the carbohydrate-binding domain. Depending on the 
number of sugar-binding sites, chimerolectins behave as merolectins or 
hololectins. For instance, type 2 RJPs with two carbohydrate-binding sites on 
their I3 chain (e.g., ricin) agglutinates cells, whereas class I plant chitinases 
with a single chitin-binding domain do not. Like hololectins, superlectins 
consist exclusively of atleast two carbohydrate-binding domains. However, 
unlike the hololectins, the carbohydrate-binding domains of the superlectins 
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recognize strl~cturally unrelated sugars. Therefore, superlectins can also be 
colisidered as a special group of cl~ir~~erolectiris cornposed of two tarider~lly 
arrayed, structurally and functionally different carbohydrate-binding domains. 
'Mode of action of plant lectins 
The epithelial cells along the digestive tract of phytophagous insects are 
directly exposed to the diet and therefore are possible target sites for plant 
defence proteins. As glycoproteins are major constituents of these 
membranes, the luminal side of the gut is covered with potential binding sites 
of dietary Iccli l~s, rcsullilly ill rcpulsioll o l  t l ~ c  ir\sccts, retarded growlll or 
mortality. Although tlic ~nechanisr-n of toxicity is based on the specific binding 
of the glycoconjugates in the gut of the insect, the exact mechanism of action 
of plant lectins is not known. 
There are several possible interactions that could occur (Chrispeels and 
Raikhel, 1991; Czapla and Lang, 1990; Peumans and Van Damme, 1995a,b). 
1 .  binding of the lectirls to ttie ctiitirl rnatrix of the peritrophic 
t-nernbrane, 
2. binding of the lectin to glycoconjugates within the peritrophic 
membrane. 
3. binding of the lectin to glycoconjugates exposed on the surface of 
the midgut epithelial cells, 
4. binding of lectins to glycosylated digestive enzymes, and 
5. binding of glycosylated proteins from the host plant preventing the 
protein's digestion. 
Lectins as Insect control proteins 
The effect of a lectin on the normal development of insects was first 
investigated in 1976, whenTanzen et a/. reported that phytohernagglutinin 
(PHA) from black bean, Phaseolus vulgaris L., produced deleterious effects 
on the larvae of bruchid beetle Callosobruchus maculates F. (Cowpea weevil) 
(Janzen et a/., 1976). Female weevils oviposited on the artificial seeds 
containing phytohemagglutinin (PHA) at concentrations 0.1, 1 and 5%. 
Control artificial seeds produced an average of 4.5 beetles per seed. Seeds 
with 0.1% phytohemagglutinin produce 3.6 beetles per seed, while seeds with 
1% phytoliemagglutinin produced two small adults, and no adult beetles 
7' 
emerged on diets containing 5% PHA. Gatehouse et a/. (1984) repor!ec :nat 
lectin from seeds of Phaseolus vulgaris L. affected the growth of larvae cf the 
bruchid beetle. 
'fvlurdock et a/. (1990) screened seventeen plant lectins to determine 
their biological activity against C. maculatus F. and showed that lectins from 
Osage orange (Maclura pornifera Rafinesque), peanut (Arachis hypogaea L.), 
potato (Solanum tuberosum L.), jimson weed (Datura stramonium L.), and 
wheat germ (Triticum aestivum L.) delayed the developmental time of C. 
niaculatus at dietary levels of 0.2 and l.OO/~ (wtw). 
' ~ u e s i n ~  et al. (1991a) isolated three wheat germ isolectins and 
showed that each of these isolectins were equally effective against the 
cowpea weevil. N-acetylglucosamine (Glc NAC) binding lectins from Oryza 
sativa L. (rice) and Urtica dioica (stinging nettle) also showed increased 
mortality and increased development time when fed to the cowpea iseevil 
,- 
(Huesing et a/., 1991b). Activity of rice lectin was similar to WGA, wh!ie the 
stinging nettle was approximately 2 to 4 times less effective than WGA. 
/ 
Gatehouse et a/. (1992) showed that lectins from Allium sativum 
(garlic) and Galanthus nivalis (snowdrop) affected the survival of the cc,.vpea 
weevil larvae. Larvae reared on artificial seeds containing 2% lectin suffered 
90% mortality compared to the control larvae. Larval mortality was greater 
than 50% at 1% level. 
/ Czapla and Lang (1990) tested twenty-six plant lectins for anti-insecl 
properties against neonate European corn borer (Ostrinia nubilalis Hubner) 
larvae and reported that only three lectins were effective at a 2% topical level. 
They were WGA, Bauhinia purpurea L. agglutinin (BPA) and the lectin from 
Ricinus communis L. Lectins from castor bean, pokeweed (Phyfolaca 
americana L.), and the green marine algaPCodium fragile (Surinagar) were 
toxic to the neonate southern corn rootworm, Diabrotica undecimpunctata 
howardi Barber, when applied topically (2%) to the artificial diet (Czapla and 
Lang, 1990). 
'Habibi et a/. (1993) studied fourteen plant lectins for their activity 
against potato leafhopper (Empoasca fabae Harris.) and showed that six 
lectins (wheat germ, jackfruit, pea, lentil, red kidney bean, and horse gram) 
reduced the survival of potato leafhoppers, when incorporated into the 
artificial diet at a concentration of 0.2 to 1.5% (wlv). 
/ 
Powell et a/. (1993) determined that GNA and WGA showed 
antimetabolic effects against the first- and third-instar nymphs of rice brown 
planthopper (Nilapawata lugons stal) when incorporated into artificial diet at 
0.1% (w/v). GNA also showed inhibitory effect towards third-instar nymphs of 
the rice green leafhopper (Nephotettix cinciteps Ulher). GNA and WGA 
reduced honeydew excrelion levels of adult :ice brown planlhoppcr, when 
/ 
added to artificial diet at 0.1 % (w/v) (Powell et a/., 1995). 
'Powell et al. (1995) tested three mannose-binding lectins and two N- 
acetyl glucosamine binding lectins towards the third-instar nymphs of the rice 
brown plant hopper and showed that among the mannose-specific lectin, GNA 
was the most toxic. Narcissus pseudonarcissus agglutinin (NPA) and Allium 
sativum agglutinin (ASA) showed signilicant antimetabolic effect towards 
? 4 
brown planthopper, but were less effective than GNA. The two N-acetyl 
glucosamine binding lectins, the dimeric Oryza sativa agglutinin (OSA), and 
the monomeric Urtica dioica agglutinir? (UDA) showed no antimetabolic effect 
towards brown planthopper when tested at concentration of 0.1 % wlv. 
'Shukle and Murdock (1983) conducted bioassays with the soybean 
lectin and reported that it inhibited larval growth of M. sexta L., when 
incorporated into an artificial diet at a 1 O h  level. GNA reduced weight gain and 
survival when bioassayed against Spodoptera littoralis Boisduval at the 5% 
/ 
level (Gatehouse et a/. ,  1992). 
MATERIALS 
METHODS 
MATERIALS AND METHODS 
The antifeedant and the food consumption and utilization studies were 
conducted using putalive transgenic tobacco plants. The tobacco plants were 
transformed with pHs 723:Bt carrying Bt Cry 1A(b) and pHs 737:SBTI genes 
through Agrobacterium tumefacience mediated genetic transformation. The 
independent transformants of Bt and SBTl tested are listed in Table 1. 
The antibiotic studies were conducted using lectins and soybean trypsin 
inhibitor obtained from Sigma Chemical Co. (St Louis. Mo. U.S.A). These 
studies were carried out in the laboratory at the International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh, 
India. 
Antifeedant Studies 
The antifeedant studies were conducted using no-choice and dual-choice 
assays at 27+I0C under laboratory conditions. 
Transformed and the nontransforrned plants were raised on medium size 
pots (25 cm diameter) in the greenhouse at atmospheric conditions (33?5OC, 
and 65 k 5 '10 RH). Potting mixture consisted of 211 ratio of red soil: FYM (farm 
yard manure). Plants were thinned after one week of crop emergence. Two 
week old plants were transplanted individually into small pots (14 cm 
diameter) containing a mixture of red soil and FYh1 (2:l). Urea @ I  0 g per pot 
was applied one week after transplanting. The plants were watered daily as 
needed. 
The H. armigera larvae used in the experiments were reared under 
laboratory conditions (27 + 1°C and 60 + 5 O/O RH) on artificial diet (Table 2). 
Table 1. Independent transformants of Bt and SBTl used in 
the study 
Transformants Gene involved 
Cry 1A(b) 
Cry 1A(b) 
Cry 1A(b) 
Cry 1 A(b) 
Cry 1A(b) 
Cry 1A(b) 
Cry 1A(b) 
SBTl 
SBTl 
SBTl 
SBTl 
Table 2. lngredients of artificial diet used for rearing 
H-armigera in the laboratory ( ICRISAT, Patancheru, India). 
Ingredients Amount 
Chickpea flour 300.00 g 
Ascorbic acid 4.70 g 
Sorbic acid 3.00 g 
Auromycin powder 11.50 g 
Vitamin stock solution 10.00 ml 
Water 450.00 ml 
Yeast 48.00 g 
Water (for yeastlagar) 800.00 ml 
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No-choice Assay 
The no-choice assay was conducted using the first-instar and the third-instar 
larvae of H. armigera. 
No-choice assay with first-instar larvae 
Fully expanded, mature leaves were used in this experiment. Leaf discs were 
cut with a no. 4 cork borer and weighed on a Mettler balance @. The discs 
were placed in plastic cups of 3.5 cm diameter and 4 cm height. Filter paper 
(3 cm diameter) was placed on the bottom and top of the cup .The one on the 
top was soaked with 1 ml water to keep the larvae water satiated. Ten newly 
hatched first-instar larvae were released on the leaf discs, using a fine camel 
hairbrush. Ten discs were kept in each treatment in a similar manner, but 
without larvae to determine the natural loss in leaf mass. 
Observations. Larval mortality was recorded at 24, 48 and 72 h. The leaf 
discs were rated visually for insect feeding on a 1 to 9 scale (1 = < 10 % leaf 
disc area consumed, 2 = 11 - 20, 3 = 21 - 30,4 = 31 - 40, 5 = 41 - 50, 6 = 51 - 
60, 7 = 61 - 70, 8 = 71 - 80, and 9 = >80 O/O leaf disc area consumed). Leaf 
discs and the larval weights were recorded after 72 h of infestation. 
No-choice assay with third-instar larvae 
Leaf discs were cut with a no. 4 cork borer and placed in the Petri dishes (10 
cm diameter and 2 cm depth). Filter paper (9 cm diameter) was placed on the 
bottom and the top of Petri dishes. The one in the top was soaked with 2 ml 
water to keep the larvae water satiated. The third-instar larvae were weighed 
after starving for 4 h and confined individually with the leaf discs for 2 days. 
Observations. The leaf discs were rated visually on a 1 to 9 scale after 24 
and 48 h of infestation as described above. After 48 h, the larvae were 
removed from the Petri dishes and weighed. Each leaf discs was passed 
through a leaf area meter to determine the unconsumed leaf disc area. 
1' 'I 
Dual-choice assay 
For dual choice tests, the:leaf discs were cut with a no. 4 cork borer and 
centered in an apposed arrangement, 5 mm apart, in a 10 cm diameter Petri 
dish. Filter paper (9 crn diameter) was placed on the bottom and the top of 
Petri dishes. The one in the top was soaked with 2 ml water to keep the larvae 
water satiated. Discs were positioned on the filter paper using a shortened 
no.2 insect pin. The third-instar larvae were weighed after starving for 4 h and 
confined individually with a leaf discs for 2 days. There were 5 replications for 
each treatment. 
Observations. The leaf discs were rated visually for insect feeding on 1 to 9 
scale after 24 and 48 h of infestation. After 48 h, the larvae were removed 
from the Petri dishes, starved for 4 h and weighed. Each discs was passed 
through a leaf area meter to determine the unconsumed leaf disc area 
Effect of soybean trypsin inhibitor and plant lectins o n  survival and 
development of H. armigera 
The lectins and the soybean trypsin inhibitor used in the experiment were 
purchased from Sigma Chemical Co. (St Louis, Mo. U.S.A). Names, 
molecular weights, and carbohydrate-specificity of the lectins are listed in 
Table 3. The chemicals were tested at 0.1% concentration. Fifty mg of each 
lectin was dissolved in five ml of phosphate saline buffer (pH 6.8). The stock 
solution for the buffer was prepared in the following way. 
A .2 M solution of monobasic sodium phosphate (27.8 g in 1000 ml). 
B .2 M solution of diabasic sodium phosphate (53.65 g of Na2HP04 7H20 
or 71.7 g of Na2HP04 12H20 in 1000 ml). 
Phosphate saline buffer for dissolving the lectins was prepared by mixing 
51.0 ml of A + 49.0 ml of B, diluted to a total of 200 mi. Similarly fifty mg of 
soybean trypsin inhibitor was dissolved in five mi of distilled water. Five ml of 
the dissolved lectins and the soybean trypsin inhibitor was added to forty-five 
ml of artificial diet of H. armigera, and stirred on the magnetic stirrer. The 
Table 3. Lectins tested against H. armigera 
Molecular 
Common name Taxonomic name weights Sugar specificity 
x 1 o - ~  
Concanavalin A Canavalia ensiformis 102 a-mannose 
a-glucose 
Chickpea Cicer arietinum 44 Fetuin 
Lentil Lens culinaris 4 9 a-mannose 
Jacalin 
Soybean 
Peanut 
Artocarpus integrifolia 42 
Glycine max 110 
Arachis hypogaea 120 
a-galactose 
P-galactose (1 -t 3) N- 
acetylgalactosamine 
(galNAc) 
Snowdrop Galanthus nivalis 5 2 Non-reduc, a-mannose 
control treatment consisted, of five ml of distilled water or five ml buffer of 6.8 
pH added to forty-five ml of diet. Diet thus prepared was dispensed in aliquots 
of five ml into glass vials (2.5 cm diameter and 8 cm length) and allowed to 
cool for 3 h on the lab table. Five first-instar larvae were released in each vial. 
There were ten replications for each treatment. 
Observations. Larval weights and mortality *ere recorded on fifth day. One 
larva in each vial was placed back into the diet, and later observations were 
recorded on date of pupation and adult emergence. Pupal weight was 
recorded one day after pupation. The remaining larvae were killed in 
chloroform after 4 h of starvation, and then dried in an oven at 65°C for 72h. 
Oven dry weights of the larvae were recorded. 
Studies on Food Consumption and Utilisation 
First-instar larvae' of H. arrnigera were reared on nontransformed and 
transformed plants. Newly moulted third-instar larvae were used for studying 
the consumption and utilization of food. Larvae reared on nontransformed 
plants were confined to the leaves of nontransformed and transformed plants, 
whereas larvae reared on transformed plants were confined to the leaves of 
the respective transformed plant and the nontransformed plants. Freshly 
detached leaves were weighed on a Mettler balance, and placed in the Petri 
dishes (10 cm diameter and 2 cm depth). Filter paper (9 cm diameter) was 
placed on the bottom and the top of Petri plates. The one on the top was 
soaked with 2 ml water to keep the larvae water satiated. The third-instar 
larvae were weighed after stawing for 4 h and confined individually with the 
leaf for three days. Five leaves of each plant were kept in a similar manner. 
but without larvae, to determine the natural loss in leaf mass. The Petri plates 
were kept in a plastic tray (35 x 25 x 5) at 2751°C under laboratory conditions. 
Observations. Three days after confinement, the larvae, uneaten food, and 
the control leaves were weighed, and then placed in an oven at 65°C for 72 h 
for drying. The larvae were killed with chloroform before drying. Dry mass of 
five larvae reared on nontransformed and transformed plants were also 
determined individually at the beginning of the experiment to compute a mean 
dry mass of larva before feeding. Natural loss of leaf mass was also recorded 
and the actual mass of the uneaten food was corrected in relation to natural 
loss of leaf mass. 
Various indices of food consumption and utilization used are: 
Food consumed 
Consumption index = 
Duration of feeding period x Mean larval weight 
Growth rate = 
Weight gain by larvae during the feed~ng period 
X 100 
Duration of the feeding period x Mean larval weight 
Weight gain by larvae during the feeding period 
Efficiency of conversion = X 1CO 
of ingested food Weight of food consumed 
Weight gain by larvae during the feeding penod 
Efficiency of conversion = X 1CO 
of digested food Weight of food consumed -Weight of faeces 
Weight of food consumed - Weight of faeces 
Approximate digestibility = X 1C3 
Weight of food consumed 
Effect of SBTI and Bt transformed plants on the biology of 
H. arrnigera 
Leaves of the nontransformed and transformed plants were collected from 
plants raised in the greenhouse. Leaves were cut into pieces and placed in 
plastic cups (3.5 cm diameter). Twenty-five first-instar larvae were reared 
individually in the cups for each treatment. Food was changed every alternate 
day. 
Observations. Observations were recorded on larval survival. Duration of 
larval period was recorded in terms of number of days from the release of the 
larvae till pupation. Number of adults emerged from the pupae were also 
recorded in each treatment. 
Statistical analysis 
The data were subjected to analysis of variance. Significance of differences 
between the treatment means was tested by F - test, while the treatment 
means were compared by least significant difference (LSD) at P 0.05. In dual 
choice tests, the treatment means were compared by student's t - test. 
RESULTS 
RESULTS 
Antifeedant activity towards first-instar larvae of H. armigera (no- 
choice tests) 
Studies on antifeedant activity of the transformed plants towards first-instar 
larvae of H. armigera indicated that 723 Bt 1, 723 Bt 4, 723 Bt 3, 723 Bt 7, 
737 SBTl 5 and 737 SBTI 1 reduced the leaf feed significantly over the 
nontransformed control (Table 4). Larval mortality was higher in larvae fed on 
723 Bt 1 723 Bt 4,  723 Bt 7, 723 Bt 10, and 737 SBTl 5 than on the control 
plants. Lines 723 Bt 3, 723 Bt 8, 723 Bt 12, 737 SBTl 1, 737 SBTI 11 and 737 
SBTI 12 showed moderate levels of larval mortality (46.0 to 59.2%). 
Antifeedant activity towards third-instar larvae of H.armigera (no- 
choice tests) 
Visual damage rating was lower on Bt and SBTl transformed plants 723 Bt 4, 
723 Bt 7, 723 Bt 8, 723 Bt 1, and 737 SBTl 5 compared to the nontransformed 
control plants at 24 and 48 h after initiating the experiment (Table 5). Highest 
antifeedant activity was observed in 723 Bt 4. There was a significant 
reduction in leaf disc consumption by the third-instar larvae on 723 Bt 4, 723 
Bt 1, 723 Bt 7, 723 Bt 8, 723 Bt 10 and 737 SBTl 5 as compared to the non- 
2 transformed control (2.07 cm unconsumed leaf disc area). Larval weight was 
significantly lower in the larvae fed on 723 Bt 4, 723 Bt 7, 723 Bt 8, 723 Bt 1, 
and 737 SBTI 5 (1.4 to 2.7 mg per larvae) as compared to those reared on the 
non-transformed plants (9.3 mg per larvae). 
Antifeedant activity of tobacco lines transformed with Cry 1A(b) Bt 
and SBTl genes towards third-instar larvae of H. armigera in dual- 
choice assay. 
In dual-choice tests, the feeding by the third-instar larvae of H. arrnigera was 
significantly greater on the control discs than those of the transformed plants 
of 723 Bt 1, 737 SBTl 12, 723 Bt 12, 737 SBTI 5, 723 Bt 10, 737 SBTl 11, 723 
Bt 8 ,  at 24 and 48 h after initiating the experiment (Table 6). Although the 
1,;ll vill IIIIJ~ fality ' y o )  Corisurliod Natural Wolul~t of l ~ ; l r l l ~ l ~ c  1,:11 vill loaf disc loss l r i  loaf food 
'l'obncco l i ~ ~ c  1ali11g wcigltt wolght weigtit consurnod 
( "1~ )  2.i11 4R11 7211 (mu) (rns) (me) 
723 Bt 1 
723 Bt 3 
723 81 4 
723 Ut 7 
723 B10 
723 Bt 10 
723 Bt 12 
737 SDTI 1 
737 SO'T'I 5 
737 SB-~-I I 1 
737 SDTI 12 
Control 
LSD (S0/o)  1.35 0.55 11.19 13.54 12.99 8.29 0.19 8.29 
C V "'0 70.10 52.70 73.90 41.GO 2G.20 102.90 24.50 115.50 
U R  ('I = < l o %  leaf disc area consu~i icd,  and 9 =>800/0 leaf disc area consumed). 
36, 
'l';~l)le 5, A ~ ~ t i l ' c c ( l ; ~ ~ ~ t  ;~ctivity of cIcvc11 toI);~cco 1i11cs ~ I . ; I I I S I ~ ) I - I I I ~ ~ ~  wit11 
Cry 1A(b) L)t and SM" g c ~ ~ c s  to,vards tllc third-illstar lal*v;~c ol'll. 
rrr*trrigcr.n utltlcr 110-choice colltliliot~s (ICItISA'I', I'at:~ncl~c~.u, 2000). 
I)ntnnjic rating Unconsumed loaf Woight gain aftor 
'1'ol)acco l i ~ ~ c  (Ill{) disc aroa 48 h 
24 11 48 11 (cm') (me) 
723 Bt 10 1.75 3.75 3.12 4.90 
723 Bt 12 3.10 4.50 2.74 6.70 
737 SBTl 1 2.90 4.35 2.85 6.10 
737 SBTl5 1.75 2.55 3.38 2.70 
737 SBTl 11 3.72 5.89 2.22 10.70 
737 SBTl 12 3.25 4.55 2.77 6.00 
Control 4.35 6.20 2.08 9.30 
SE k 0.48 0.53 0.29 1 .OO 
LSD (5%) 1.34 1.49 0.61 3.00 
- 
DR (1 = 4 0 %  leaf disc area consumed, and 9 =>8O0/0 leaf disc area 
consumed). 

differences in leaf feeding were not statistically significant, 723 Bt 3, 723 Bt 4, 
737 SBTl 1 also showed some antifeedant activity towards the third-instar 
larvae. 
Effect of different soybean trypsin inhibitor and plant lectins on 
survival and development of H. armigera 
Percentage of larval survival varied from 49% in larvae reared on diet 
impregnated with SBTl to 90% in larvae reared on the control diet. Amongst 
the lectins tested, larval survival was significantly lower in larvae reared on 
diet impregnated with SBTl (49%), snowdrop (64%), chickpea (65%) and 
jacalin (78%) (Table 7). Concanavalin A, lentil, soybean, and peanut lectins 
did not affect the survival of H. armigera larvae. Fresh and dry mass of the 
larvae was lower on control diet compared to the larvae reared on diets 
containing SBTl and plant lectins. Lectins did not affect the weight gain of the 
larvae. Pupal mass varied from 272.6 mg in larvae reared on diet having 
chickpea lectin to 359.2 mg in larvae reared on diet having snowdrop lectin. 
Low pupal mass was recorded in larvae reared on diet having chickpea lectin 
(272.6 mg) as compared to those reared on the control diet (335.4 mg). In 
snowdrop and peanut lectins, the pupal mass was more as compared to the 
larvae reared on the control diet. 
Percentage pupation 
Percentage pupation (of the total larvae released) was lowest in larvae reared 
on diet impregnated with SBTl (40%). Among the lectins, low pupation was 
observed in larvae reared on diet impregnated with chickpea (50%), snowdrop 
(60%) and soybean lectins (70%) (Figure 1). 
Adult emergence 
Percentage adult emergence (of the total larvae released) was lowest in 
larvae reared on diet having snowdrop lectin (20°h), followed by those reared 
on SBTl (3O0I0) and chickpea lectin (30%) (Figure 2) .  Low adult emergence 
Table 7. Effect of plant leetins and soybean trypsin inhibitor 011 sursiralalld 
development of If. atatigera (ICIUSAT, Patanci~eru, 2000) 
Dosage (mg/50 Larvae survived Fresh mass of Dry mass of Treatment Pupal nlnss larvae larvae 
ml of diet) on 5th day' (%) (mg) (mg) (ms) 
Concanavalin A 50 mg 90 (76.72) 4.20 0.50 322.2 
Lentil lectin 50 mg 90 (76.72) 4.00 0.60 323.6 
Jacalin lectin 50 mg 78 (69.23) 4.50 0.60 325.1 
Soybean lectin 50 mg 86 (74.18) 6.70 0.70 341.8 
Peanut lectin 50 mg 84 (73.03) 4.60 0.60 349.5 
Snowdrop lectin 50 mg 64 (55.03) 5.40 0.70 359.2 
Chickpea lectin 50 mg 65 (61.98) 7.30 0.80 272.6 
SBTl 50 mg 49 (44.33) 3.50 0.50 323.5 
Buffer 86 (75.69) 1.20 0.20 336.7 
Control 90 (81 -00) 2.40 0.50 335.4 
s E* 6.7 (5.76) 0.80 0.07 8.00 
LSD (5%) 18.52 (1 5.92) 2.21 0.19 22.1 1 
CV% 27.1 (26.5) 58.20 41.20 7.80 
* Values in parantheses are Angular transformed values. 
Fig.1. Effect of plant lectins and SBTI on pupation of H. armigera 
(50 mg150 ml of diet) (ICRISAT, Patancheru, 2000) 
Conlrol Buffer SB Con A Jac GN SD Lenlil CP SBTl 
Treatments 
SB = Soybean, Con A = Concanavalin A, Jac = Jacalin, GN = Groundnut, SD = Snowdrop, 
and CP = Chickpea lectin, and SBTl = Soybean trypsin inhibitor 
Figure. 2. Effect of different plant lectins and SBTl on adult emergence of 
H. armigera (50 rngl50 ml diet) (ICRISAT, Patancheru, 2000). 
Control Buffer St3 Con A Jac GN SD Lentil CP SBTl 
Treatments 
SB.= Soybean, Con A = Concanavalin A, Jac = Jacalin, GI4 = Groundnut, 
SD = Snowdrop, and CP = Chickpea lectin, and SBTl =Soybean trypsin inhibitor 
was also observed in d,iets having groundnut, jacalin, concanavalin A, 
soybean, and lentil lectins as compared to the untreated control (90%). 
Consumption, digestion and utilization of food by the third-instar 
larvae of H. armigera on Bt and SBTl Transgenic Plants (wet weight 
basis) 
No significant differences were observed in mass of food consumed by the 
third-instar larvae of H. arrnigora when reared on transformed plants 
compared to the control plants (Table 8). Larvae consumed more food per 
unit of bodymass (CI) and gained more weight when reared on the control 
plants compared to those reared on transformed plants. Except 737 SBTl 11, 
growth rate (GR) was sigriificantly more in the larvae reared on control plants 
compared to those reared on the transformed plants (Table 9). Efficiency of 
conversion of ingested food (ECI) and efficiency of conversion of digested 
food (ECD) into .body matter was significantly greater in larvae fed on 
transformed plants in comparison to those fed on the control plants. 
Approximate digestibility was significantly low in the larvae fed on transformed 
plants as compared to those fed on control plants. 
Food consumption in larvae reared on di f ferent  t ransgenic l ines  
(wet weight basis) 
Mass of food consumed by the third-instar larvae of H. armigora was 
significantly greater in larvae reared on 737 SET1 11 as compared to those 
fed on control plants, whereas in case of larvae reared on 723 Bt 12 and 723 
Bt 7, the mass of food consu~iied was significantly lower on the transgenic 
plants as comparcd to the control plants. No significant differences were 
observed in mass of food consumed in case of other transgenic plants as 
compared to the control plants (Table 10). Weight gained by larvae was 
significantly lower in larvae reared on 723 Bt 12, 723 Bt 4 and 723 Bt 7 as 
compared to the controls, whereas in case of larvae reared on 737 SBTl 12 
and 737 SBTl 11, the mass of larvae was more as compared to that on the 
control plants. On 737 SBTl 11, larvae consumed more food per unit of body 
mass (CI) compared to the control plants. On 723 Bt 12 and 723 Bt 7, CI was 
significantly lower as compared to the control plants (Table 11). Differences in 
growth rate (GR) betwoen transformed and the control plants were significant 
in all transgenic lines, except 737 SBTI 12. Efficiency of convcrsion of 
ingested food (ECI) and efficiency of conversion of digested food (ECD) was 
significantly higher in case of larvae reared on 723 Bt 12. On 737 SBTI 11 the 
ECI and ECD values were significantly lower in larvae reared on Lhese lines 
as cornpared to those fed on the control plants. Approximate digestibility (AD) 
was significantly lower in case of larvae fed or1 723 Bt 12 plants as compared 
to those fed on tlie control plants. 
Consumpt ion ,  d iges t i on  a n d  ut i l izat ion o f  f o o d  b y  the  th i rd- instar  
larvae o f  H.arrnigera o n  B t  and  SBTl  t ransgenic p lan ts  (dry  we ight  
basis)  
Significant differences were observed in mass of food consumed by the third- 
instar larvae of H. arrnigeia when reared on transformed plants compared to 
tlie nontransfornied control plants (Table 12). Weight gained was significantly 
lower in larvae reared on transgenic plants as compared to the control plants. 
Larvae consurned more food per unit of bodymass (CI) and gained more 
wciglit w l ~ e n  roared on tho conlrol plants cornl)arcd to ttiosc reared on 
transfol'rned plants. Growth rate (GR) was significantly more in the larvae 
reared on control plarits compared to those reared on the transformed plants 
(Table 13). Efficiency of conversion of ingested food (ECI) and efficiency of 
conversion of digested food (ECD) into body rnatter was significantly greater 
in larvae fed on translorr-ned plants in comparison to those fed on the control 
plants. Approxiniotc digestibility was sig~iificantly lower in tlie larvac fed on 
transformed plants as compared to those fed on control plants. 
F o o d  c o n s u ~ n p t i o n  in larvae reared o n  dif ferent t ransgenic l ines 
(dry we igh t  bas is )  
Mass of  food consumed by tlie third-instar larvae of  H. ari~i igera was 
significantly greater in larvae reared on 737 SBTl 11 and 737 SBTl 12 as 
compared to those fed on control plants, whereas in case of larvae reared on 
723 I31 12 and 723 Bt 7, tlie rnass of food consumed was significanlly lower 
on  the transgenic plants as compared to the control plants. No significant 
differences were observed in mass of food consumed in case of other 
transgcpic plants as coinpared to the control plants (Tablo 14). Weight gained 
by larvae was significantly lower in larvae reared on 727 81 12, 723 81 4 and 
723 Bt 7 as compared to the controls, whereas in case of larvae reared on 
737 SBTl 12, the mass of larvae was greater as compared to the control 
plants. On  737 SBTl 11 and 723 Bt 7 larvae consumed more food per unit of 
body mass (CI) compared to the control plants. On 723 Bt 12, the CI was 
significantly lower as cornpared to the control plants (Table 15). Growth rate 
was sigriificantly greater in control plants compared to the transformed plants 
in lines 723 Bt 4, 723 Bt 12 and 737 SOTI 11, wlicreas in 737 SBTI 12 the 
yrowll i  rate was niore on transforrned plants as compared to the control 
plants. Efficiency of conversion of ingested food (ECI) and efficiericy of 
conversion of digested food (ECD) was significantly higher in case of larvae 
rearcd on 723 Bt 12. On 737 SBTl 11 and 723 Bt 7, the ECI and ECD values 
were significantly lower in larvae reared on these lines as conipared to (hose 
fed on the control plarits. Approxir.riate digestibility (AD) was sigriificantly lower 
in case of larvae fed on 723 Bt 1 and 723 Bt 12 plants as compared to those 
fed on the control plants, wliereas on 723 Bt 7 AD was significanlly more as 
compared to the control. 
Effect of SBTl and Bt transformed plants on the biology of H. 
armigera 
Larval mortality 
Percentage larval mortality varied from 20% on untransformed control plants 
to 84% on the transformed plants. Larval mortality was greater in 737 SBTl 
11, 723 81 4 arid 737 SBTl 12 transformed plants. Larval morlalily was more 
than 50% on 723 Bt 1 ,  723 Bt 7, and 737 SBTl 1 transformed lines. In all the 
transformants, larval survival declined from 3 to 15 days after infestation 
(Figure 3). 





Table 13. Consumption, digestion and utilization of food by the third-instar 
larvae of H. armigera fed on Cry 1A(b) and SBTI transgenlc plants 
(dry weight basis) (ICRISAT, Patancheru, 2000) 
Efficiency of Efficiency of Consumpti Approximate Growth conversion of conversion of Treatment on index 
rate (GROh) ingested food digested food digestibility (CI) (ECI%) (ECD%) (AD %) 
BT 1 2.0246 44.1050 22.5727 38.2609 59.5103 
Bt 4 1.6776 50.2102 31.7670 46.7812 68.4274 
Bt 7 1.521 8 38.9788 26.2499 44.1138 60.4655 
Bt 12 1.6391 34.7157 21.5304 30.5943 71.3400 
SBTl 11 1.751 9 44.3720 27.1664 42.8199 64.0065 
SBTI 12 1.9858 37.3885 21.2778 32.31 18 68.9638 
Control 3.3407 53.3449 17.2400 23.3464 74.8104 
LSD (5%) 0.7959 8.9171 7.9876 13.971 1 9.4109 


Larval development 5 3 
The larval duration varied from 17.9 days in larvae reared on 723 Bt 7 lo 19.4 
days in t l~ose reared orr 723 Bt 1 plants (Table 16). On untransforrncd plants, 
larval duration was 18.6 days. Larval duration was more in larvae reared on 
723 Bt 1 planls. 
Percentage pupation 
Percentage pupation varied from 16% in larvae reared on 737 SBTI 11 plants 
to 80°h on those reared on untransformed plants (Figure 4). Pupation 
percentage was lower in larvae reared on 723 Bt 4 plants, followed by those 
reared on 737 SBTI 12 plants. Similarly, low pupation percentage was also 
recorded in larvae reared on 737 SBTl 12, 723 Bt 1, 723 Bt 7, 737 SBTl 1, 
and 723 Bt 12 plants as compared to those reared on control plants. 
Adult emergence 
Percentage adult emergence (of the total number of larvae released) varied 
6 0  
from 0 to i%O/o. No adult emergence was observed in larvae reared on 737 
SBTl 11 plants (Figure 5). Low adult emergence was recorded in larvae 
reared on 737 SBTI 12, 723 Bt 4,  737 SBTl 1, 723 Bt 1, 723 Bt 7 and 723 Bt 
i:? 
12 plants, as compared to those reared on control plants (?&o/~). 
Fig. 3. Larval mortality of H. armigera on different transgenic lines of 
tobacco 
90 1 1 
0 day 3 day 6 day 9 day 12 day 15 day 
Days after infestation 
Fig.4. Pupation of H. armigera on Bt and SBTl transgenic tobaccos 
(ICRISAT, Patancheru, 2000) 
Control 
Transgenic tobaccos 
Fig.5. Adult emergence of H. armigera on Bt and SBTl transgenic 
tobaccos (ICRISAT, Patancheru, 2000) 
Bt I B t 4  Bt 7 Bt 12 SBTl 1 SBTl 11 SET1 12 Control 
Transgenic tobaccos 
'1'rrl)lc 10. l)tr~.~tlior~ of 1:rrvrrl period of / I .  rrrrrrigcrrr orr 111 irr~d SII'I'I 
trar~sgc~~ic  tobaccos (ICRISA'I', I'ata~~clrcru, 2000) 
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DISCUSSION 
Studies were carried out under greenhouse as well as in laboratory 
conditions for evaluating eleven independent tobacco transformants of 
Bt and SBTl carrying Bt Cry I A (b) and SBTI genes, Seven plant lectins 
and Soybean trypsin inhibitor (Kunitz) for antifeedant, food consumption 
and utilization and antibiotic studies against legume pod borer 
Helicoverpa armigera Hubner. The parameters investigated included 
antifeedant activity of Bt and SBTl genes against first and third-instar 
larvae of H. armigera under no - choice tests and dual-choice test, 
effect of Bt and SBTI genes on food consumption and utilization by 
third-instar larvae of H. armigera, and antibiosis in terms of larval 
survival, larval mass, pupal mass, and percentage pupation and adult 
emergence. 
Antifeedant activity 
In the no-choice tests, antifeedant activity of the transgenic tobacco plants 
was evident both towards the first- and the third-instar larvae. Studies on 
antifeedant activity of the putative transformed plants towards H. armigera 
indicated that 723 Bt 1, 723 Bt 4, 723 Bt 7, and 737 SBTI 5 reduced the leaf 
feed significantly over the nontransformed control. There was a significant 
reduction in leaf disc consumption by the third-instar larvae on 723 Bt 4, 723 
Bt 1, 723 Bt 7, 723 Bt 8, 723 Bt 10 and 737 SBTl 5 as compared to the non- 
transformed control (2,07 crn2 unconsumed leaf disc area). Mortality of the 
first-instar larvae was higher when fed on 723 Bt 1, 723 Bt 4, 723 Bt 7, 723 Bt 
10, and 737 SBTI 5 than those fed on the control plants. Larval weight was 
significantly lower in the larvae fed on 723 Bt 1. 723 Bt 4. 723 Bt 7. 723 Bt 8, 
and 737 SBTl 5 (1.4 to 2.7 mg per larvae) as compared to those reared on the 
non-transformed plants (9.3 mg per larvae). 
In dual-choice tests, the feeding by the third-instar larvae of H. armigeG was 
significantly greater on the control discs than those of the transformed plants 
of 723 Bt 1, 723 Bt 8, 723 Bt 10, 723 Bt 12,737 SBTl5, 737 SBTI 11 and 737 
SBTl 12 at 24 and 48 h after initiating the experiment. There was a 
considerable reduction in leaf feeding by the first-instar and the third-instar 
larvae when fed on the putative transgenic tobacco plants containing CrylA(c) 
and the SBTl genes, and such effects were more apparent under the dual- 
choice than under no-choice conditions. Further, the adverse effects of the 
transgenic plants were also evident in terms of reduced larval weights, and 
insect survival. There was some variation in different transgenic lines in terms 
of expression of resistance to the first- and the third-instar larvae of H. 
armigera. 
Percentage larval mortality varied from 20% on untransformed control plants 
to 84% on the transformed plants. Larval mortality was more than 50% on 723 
Bt 1, 723 Bt 7, and 737 SBTl 1 transformed lines. Larval duration varied from 
17.9 days in larvae reared on 723 Bt 7 to 19.4 days in those reared on 723 Bt 
1 plants. Percentage pupation varied from 16% in larvae reared on 737 SBTl 
11 plants to 80% on those reared on untransformed plants. Pupation 
percentage was lower in larvae reared on 723 Bt 4 plants, followed by those 
reared on 737 SBTl 12 plants. Percentage adult emergence varied from 0 to 
75%. No adult emergence was observed in larvae reared on 737 SBTl 11 
plants. Low adult emergence was recorded in larvae reared on 737 SBTl 12, 
723 Bt 4, 737 SBTl 1, 723 Bt 1, 723 Bt 7 and 723 Bt 12 plants, as compared 
to those reared on control plants (75%). Thus, putative transgenic plants 
expressed both antifeedant and antibiotic effects against the first- and the 
third-instar larvae of H. annigera. Such adverse effects varied across insect 
stage, and different transgenic lines. 
Biological activity of Bt and SBTI genes expressed in different plant species 
has been demonstrated earlier by several workers. In the present studies to 
use tobacco for adapting the transformation protocols also confirmed the 
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activity of these genes against H. armigera, the major pest of several field 
crops in Asia and Africa. Hoffmann et a/. (1992) reported that the mortality of 
the larvae was high and the leaf damage was low for the genotypes contaning 
Bt gene as compared to control and CpTl genotype. Transgenic tobacco 
contaning B. thuringiensis (Bt) and cowpea trypsin inhibitor (CpTI) genes 
showed insecticidal activity towards H. armigera (Zhao et a/., 1997). Mortality 
of the larvae was low on transgenic tobacco expressing Bt alone than the 
plants expressing both Bt and CpTI. It was concluded that gene pyramiding 
could be a valuable strategy for resistance management and the sustainable 
use of Bt transgenic crops. Transgenic tobacco plants containing Bt or CpTl 
or both of the genes proved toxic to larvae of H. armigera. Plants with both 
transgenes had enhanced resistance compared to those with single 
transgenes (Zhao et al. , 1996). 
Soybean trypsin inhibitor (STI) containing transgenic tobacco plants showed 
high resistance to the larvae of H. armigera. (Gao et a/., 1998). Li et a/. (1998) 
obtained transgenic cotton lines contaning Cowpea trypsin inhibitor (CpTI) 
gene and found them to be highly resistant to cotton bollworm. Transgenic 
rice plants contaning Soybean Kunitz trypsin inhibitor (SKTI) showed 
resistance to the brown planthopper (Nilapan~ata lugens Stal) (Lee et 
a1.1999). Transgenic poplar plants expressing a Kunitz proteinase inhibitor 
(Kti3) gene did not affect larval mortality, growth and pupal weights of 
Lymantria dispar and Clostera anastomosis (Confalonieri et al., 1998). 
Proteinase inhibitors from Nicotiana alata in artificial diet significantly reduced 
the growth of the native budworm larvae (H. punctigera) and the black field 
cricket nymphs (Teleogryllus commodus). When expressed in transgenic 
tobacco, these inhibitors showed significant differences in mortality and 
growth rate of H. punctigera larvae. (Heath et a/., 1997). 
Bioassay of SBTl and plant lectins against H. armigera 
SBTl (49%), and lectins from snowdrop (64%), and chickpea (65%) influenced 
the development and survival of H. armigera larvae, while Concanavalin A, 
lentil, soybean, and peanut lectins did not affect the survival of H. armigera 
larvae. Lectins did not affect the weight gain of the larvae. Pupal mass varied 
from 272.6 mg in larvae reared on diet having chickpea lectin to 359.2 mg in 
larvae reared on diet having snowdrop lectin. Low pupal mass was recorded 
in larvae reared on diet having chickpea lectin (272.6 mg) as compared to 
those reared on the control diet (335.4 mg). In snowdrop and peanut lectins, 
the pupal mass was more as compared to the larvae reared on the control 
diet. Percentage pupation was lowest in larvae reared on diet impregnated 
with SBTl (40°h), followed by those reared on diets containing chickpea 
(50%), snowdrop (60%) and soybean lectins (70%). Adult emergence was 
lowest in larvae reared on diet having snowdrop lectin (ZbOh), followed by 
those reared on SBTl (30%) and chickpea lectin (30%) as compared to the 
untreated control (90%). 
Adverse biological effects of protease inhibitors have been demonstrated 
against European corn borer, Ostrinia nubilalis (Steffens et a/., 1978), M. 
sexta (Shukle et a/., 1983), H. zea and S. exigua (Broadway and Duffey 
(1986), H. armigera (Johnston et al., 1993; Wang et a/., 1996), s.-litura 
(McManus et al., 1995), Cydia pomonella (Markwick et a/., 1995), 
Chrysodeixis eriosma (McManus et a/., 1994). However, no differences were 
observed in the growth rates of S. litura or Thysanoplusia orichalcea larvae 
fed on leaves from transgenic or non-transgenic plants (McManus et a/., 
1 994). 
Lectins from several plants have diverse effects against the insects belonging 
to different insect orders. Murdock et a/. (1990) showed that lectins from 
Osage orange (Maclura pomifera), peanut (Arachis hypogaea), potato 
(Solanum tuberosum), jimson weed (Datura stramonium), and wheat germ 
(Triticum aestivum) delayed the developmental time of C. maculatus at dietary 
levels of 0.2 and 1 .OOh (w/w). Huesing et a/. (1991a) showed that wheat germ 
isolectins were equally effective against the cowpea weevil. N- 
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acetylglucosamine (G/c NAC) binding lectins from Oryza sativa (rice) and 
Urtica dioica (Stinging nettle) increased mortality and development time when 
fed to the cowpea weevil (Huesing et a/., 1991 b). Lectins from Allium sativum 
(garlic) and Galanthus nivalis (snowdrop) affected the survival of the cowpea 
weevil larvae (Gatehouse et al., 1992). Of the twenty-six plant lectins tested, 
WGA, Bauhinia purpurea agglutinin (BPA) and the lectin from Ricinus 
communis were toxic to Ostrinia nubilalis. Lectins from castor bean, 
pokeweed (Phytolaca americana L.), and the green marine alga, Codium 
fragile (Surinagar) were toxic to the neonate southern corn rootworm, 
Diabrotica undecimpunctata howardi Barber (Czapla and Lang, 1990). Wheat 
germ, jackfruit, pea, lentil, red kidney bean, and horse gram reduced the 
survival of potato leafhoppers, when incorporated into the artificial diet at 
concentration of 0.2 to 1.5% (wlv) (Habibi et a/., 1993). Lectins GNA and 
WGA reduced honeydew excretion levels of adult rice brown planthopper, 
when added to artificial diet at 0.1% (w/v) (Powell et a/., 1995). Shukle and 
Murdock (1983) reported that soybean lectin inhibited larval growth of 
Manduca sexta,-when incorporated into an artificial diet at a 1% level. GNA 
reduced weight gain and survival when bioassayed against Spodoptera 
littoralis at the 5% level (Gatehouse et al., 1992). 
Consumption, digestion and utilization of food 
Larvae consumed more food per unit of body mass (CI) and gained more 
weight when reared on the control plants compared to those reared on 
transformed plants. Except 737 SBTl 11, growth rate (GR) was significantly 
more in the larvae reared on control plants compared to those reared on the 
transformed plants. Efficiency of conversion of ingested food (ECI) and 
efficiency of conversion of digested food (ECD) into body matter was 
significantly greater in larvae fed on transformed plants in comparison to 
those fed on the control plants. Approximate digestibility was significantly low 
in the larvae fed on transformed plants as compared to those fed on control 
plants. Mass of food consumed by the third-instar larvae of H arnilgera was 
significantly greater in larvae reared on 737 SBTl 11 as compared to those 
fed on control plants, whereas in case of larvae reared on 723 Bt 12 and 723 
Bt 7, the mass of food consumed was significantly lower on the transgenic 
plants as compared to the control plants. Weight gain by larvae was 
significantly lower in larvae reared on 723 Bt 12, 723 Bt 4 and 723 Bt 7 as 
compared to the controls, whereas in case of larvae reared on 737 SBTl 12 
and 737 SBTl 11, the mass of larvae was more as compared to that on the 
control plants. On 737 SBTl 11, larvae consumed more food per unit of body 
mass (CI) compared to the control plants. Efficiency of conversion of ingested 
food (ECI) and efficiency of conversion of digested food (ECD) was 
significantly higher in case of larvae reared on 723 Bt 12. On 737 SBTl 11 the 
ECI and ECD values were significantly lower in larvae reared on these lines 
as compared to those fed on the control plants. Approximate digestibility (AD) 
was significantly lower in case of larvae fed on 723 Bt 12 plants as compared 
to those fed on the control plants. This suggests that the more consumption of 
food increased the body size as well as the development of the larvae. These 
studies were in consonance with studies made on Trichoplusia ni reared on 
soybean leaves, where there is differential response in the growth of the fast 
and slow growing larvae in proportion to the consumption as well as the 
utilization of food (Sharma and Norris, 1993). 
CHAPTER VI 
SUMMARY, CONCLUSION 
UGGESTIONS FOR FURTHER WORK 
SUMMARY 
Antifeedant and the food consumption and utilization studies against the 
legume pod borer, Helicoverpa armigera were conducted using eleven 
independent transgenlc tobacco llnes (723 Bt 1, 723 Bt 3, 723 Bt 4, 723 Bt 7, 
723 Bt 8, 723 Bt 10, 723 Bt 12, 737 SBTl 1, 737 SBTl 5, 737 SBTl 1 1 ,  737 
SBTl 12 and nontransformed Control) transformed with Bt Cry lA(b)  and SBTl 
genes under laboratory conditions. Antibiotic effects in terms of larval survival, 
larval mass, pupal mass, and percentage pupation and adult emergence were 
studied under laboratory conditions using different plant lectins (concanavalin 
A, lentil, jacalin, soybean, peanut, snowdrop and chickpea lectins) and 
soybean trypsin inhibitor (SBTI) in artificial diet. Effects of transgenic tobacco 
plants on the biology of H. arrnigera were examined in terms of larval survival, 
larval duration, and percentage pupation and adult emergence under 
laboratory conditions using seven transgenic tobacco lines. 
In no-choice tests with first-instar larvae; 723 Bt 1, 723 Bt 4, 723 Bt 3, 723 
Bt 7, 737 SBTI 5 and 737 SBTl 1 reduced the leaf feeding significantly over 
the nontransformed control. However, in no-choice tests with third-instar 
larvae, the leaf disc consumption was significantly lower on 723 Bt 4, 723 Bt 
1 ,  723 Bt 7, 723 Bt 8, 723 Bt 10 and 737 SBTl 5 as compared to the control. 
In dual-choice tests, the feeding by Ihe third-instar larvae of H. armigora was 
significantly greater on the control leaf discs than on the transformed plants of 
723 Bt 1, 723 Bt 8, 723 Bt 10, 723 Bt 12, 737 SBTI 5, 737 SBTl 11 and 737 
SBTI 12. 
Antibiotic effects of different plant lectins and soybean trypsin inhibitor 
were determined by incorporating these chemicals into the artificial diet (O.lO/~ 
concentration). Of the seven lectins tested, chickpea and snowdrop lectins 
showed marked antibiotic effects towards H. armigera larvae. Larval survival 
was lower on soybean trypsin inhibitor, snowdrop lectin, and chickpea lectin 
treated diets (49, 64 and 65%, respectively) at five days after infestation. 
Larval mass was considerably lower for insects reared on control diet 
compared to other treatments. Lectins did not affect the weight gain of the 
larvae. Pupal mass was adversely affected by chickpea lectin. Lower pupation 
was observed in diels impregnated with soybean trypsin inhibitor, chickpea 
lectin, and snowdrop lectin (40, 50 and 60% respectively). Lower adult 
emergence was observed in diets treated with snowdrop lectin, chickpea 
lectin, and soybean trypsin inhibitor. 
Food consumption and utilization by third-instar larvae of H. armigera 
indicated that on control plants, the larvae consumed more food per unit of 
body mass (CI), and gained more weight than on the transformed plants. 
Growth rate (GR) of larvae was more on control plants than on transformed 
plants. Efficiency of conversion of ingested food (ECI) and efficiency of 
conversion of digested food (ECD) into body matter was higher on 
transformed plants than on control plants. Approximate digestibility (AD) was 
more in larvae fed on control plants than on transformed plants. Consumption 
and utilization of food of larvae reared on transgenic lines indicated that on 
737 SBTl 11, the CI was more compared to control plants, whereas on 723 Bt 
12 and 723 Bt 7, the CI was lower as compared to the control. Except on 737 
SBTl 12, the GR was more on control plants as compared to that on the 
transgenic lines. ECI and ECD were high on 723 Bt 12, whereas on 737 SBTl 
11, the ECI and ECD were significantly lower compared to the control plants. 
AD was significantly lower In larvae fed on 723 Bt 12 plants compared to 
control plants. 
Studies on the effects of transgenic tobacco plants on the biology of H. 
armigera revealed that larval mortality was higher on 737 SBTl 11, 723 Bt 4 
and 737 SBTl 12 transformed plants (84, 76 and 72% mortality, respectively). 
Larval mortality was more than 50% on 723 Bt 1, 723 Bt 7, and 737 SBTl 1 
transformed lines. The larval duration varied from 17.9 in larvae reared on 723 
Bt 7 to 19.4 days in those reared on 723 Bt 1 plants. On control plants larval 
duration was 18.6 days. Lower pupation was observed in larvae reared on 
737 SBTl 11,723 Bt 4 and 737 SBTl 12 plants. Lower adult emergence was seen on 737 
SBTl 12,723 Bt 4,723 Bt 1 and 737 SBTl1 plants. No adult emergence was observed in 
larvae reared on 737 SBTl 11 plants. 
CONCLUSION 
Among the eleven transgenic tobacco lines tested, line Bt 1, Bt 4, Bt 7, Bt 12, SBTl 
5, SBTl 11 and SBTl 12 were found to be most effective in reducing the damage caused 
by H, armigera. Among the lectins tested larval survival reduced significantly in snowdrop 
and Chickpea lectins, when tested at 0.l0/0 concentration. 
SUGGESTION FOR FURTHER WORK 
1. Field trails should be conducted using transgenic tobacco lines containing Bacillus 
thuringiensis and Soybean trypsin inhibitor (SBTI) genes for testing the efficacy of these 
transgenic plants under field conditions. 
2. Succcessive generations of transgenic tobacco lines containing Bt and SBTl genes 
should be tested in order to check any detoriation in the transgenic activity due to 
segregation. 
3. The chemicals of SBTl and plant lectins in the present study were tested at 0.1% 
concentration. This was the least effective concentration. These chemicals can be tested 
at different concentrations and their effect on the life cycly of H. armigera can be studied. 
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